A novel reliable electrochemical sensor is fabricated for direct and sensitive determination of norepinephrine (NE) based on gold nanoparticles/ionic liquid crystal/βcyclodextrin modified carbon paste electrode; AuILCCDCPE. The ionic liquid crystal played a key role in improving the current response of electro-oxidation of NE compared to other ionic liquids modified electrodes. ILC increased the ionic conductivity of the paste and formed non-covalent interaction with both host (CD) and guest (NE) compounds. The solid state structure of the ionic liquid crystal helped in the formation of ordered films in the paste. Furthermore, CD and Au nanoparticles raised up the stability and the electro-catalytic ability of the proposed sensor. Under optimized conditions, the fabricated electrochemical sensor showed good electrochemical response towards NE in human urine in the linear dynamic ranges 0.05-10 µM and 20-300 µM with correlation coefficient 0.999 and detection limit 3.12  10 -9 M in the low concentration range. The practical analytical performance of the sensor was attained for determination of NE in real sample with satisfied recovery results. This sensor has great ability to be extended for electrochemical applications in assaying of other drugs.
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`Introduction
Norepinephrine (NE) is a naturally occurring catecholamine hormone that acts as a neurotransmitter in the sympathetic nervous system. NE is secreted in the adrenal medulla, directly stimulates adrenergic receptors and plays a significant physiological role in the central nervous system. It has an effect on muscle and tissue control, reduces peripheral circulation, motivates arteriole contraction and stimulates lipolysis in adipose tissue. 1 It is also critical in mental disease, heart failure and DNA breaks in cardiac myoblast cells. In addition, NE can accelerate HIV-1 replication at concentrations ranging from 10 -8 to 10 -5 M. This effect could be mimicked by protein kinase A (PKA) activators and abrogated by beta-adrenoceptor antagonists. Thus PKA-dependent suppression of cytokine production appears to mediate the enhancement of HIV-1 replication by NE. 2 Furthermore, determination of NE level in biological fluids is essential to diagnosis of some diseases as psychiatric and neurological disorders.
D r a f t novel and advanced materials has opened the window for new applications in different fields and for sensor technology. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Carbon paste electrodes (CPEs) have found wide era of applications in electrochemistry due to its facility of elaboration, wide potential window and lower residual current values compared to other solid electrodes. 30 Modifiers in electrochemical sensors have been used to improve the kinetic process. [31] [32] [33] [34] [35] These modified surfaces have been utilized for the electrochemical determination of different analytes of biological interest. [6] [7] [8] 36 Cyclodextrins (CDs) are a family of cyclic oligosaccharide compounds which are used as excipient in the preparation of many pharmaceutical products. The large number of hydroxyl groups, made it characterized by hydrophilic shell and enclosing a hydrophobic microenvironment cavity. 37 Due to their structure they can form water-soluble complexes with otherwise insoluble hydrophobic compounds. They are used as carriers to increase the aqueous solubility and stability of hydrophobic drugs. 38 CD cavity acts as a host guest inclusion complex and it is suitable for detection of a specific species showing high molecular selectivity and enantioselectivity. 39 Cyclodextrins can host organic and biological guest molecules in their hydrophobic cavities forming stable nanostructures.
Modifying electrode surfaces with CD enhances their selectivity and lowers the detection limit towards certain species. Moreover, the formation of an inclusion complexes between cyclodextrins and wide variety of drugs can improve the bioavailability and cover unpleasant taste of drugs. 37, 40 Liquid crystals are considered as the fourth state of matter, they have properties between two states; the crystalline solid state and the liquid state. 41 The liquid-crystalline compounds are called metallomesogens, when a metal is involved in their structures D r a f t (metal complexes). [42] [43] [44] [45] Similarly some minerals or inorganic compounds belong to liquid crystals compounds. 46, 47 Ionic liquid crystals (ILCs) are liquid crystalline anisotropic materials containing non-covalently delocalized ion pairs of organic cations and anions.
The unique ionic conductivity of ILCs is due to the fact that ILCs combine the highly tunable features of ionic liquids (ILs) and liquid crystals. This makes ILCs emerge as state-of-the-art and receive significant attention in different applications like drug delivery systems, electronic devices, energy storage systems, solar cells, fuel cells and sensors. 48 The combining effect of these modifiers in the carbon paste electrode has not yet been cited in the literature. In this paper, we introduce a simple and effective electrochemical approach for the sensitive determination of NE. A novel electrochemical sensor was fabricated based on combination of the unique properties of hydrophilic ILC (2-chloro-1,3-dimethyl-imidazolidinium hexafluorophosphate), β-CD and Au nanoparticles. A comparison between ILC and ILs on the catalytic activity of the sensor towards NE determination was illustrated. Further practical application was performed for quantitative analysis of NE in real urine samples. The influence of possible interfering species in human fluids on the electrochemical current signal of NE was illustrated.
Experimental

Materials and reagents
All chemicals were used as received without further purification. Graphite powder (≤20 µm synthetic), paraffin oil, ionic liquid crystal (2-chloro-1,3-dimethyl-imidazolidinium hexafluorophosphate), ionic liquids (1-n-hexyl-3-methyl imidazolium tetrafluoro-borate) (IL1) and (1-butyl-4-methyl pyridinium tetrafluoro-borate) (IL2), β-cyclodextrin (CD), gold chloride (AuCl 2 ), potassium nitrate (KNO 3 ), norepinephrine (NE), ascorbic acid (AA), paracetamol (APAP), serotonin, potassium phosphate (mono, di-basic salt), potassium hydroxide (KOH) were purchased from Sigma-Aldrich Chemicals Co. 
Electrochemical cell and equipment
D r a f t 7 All electrochemical studies were performed using a glass cell with three electrodes namely CP, Pt and Ag/AgCl. Electrochemical characterization of the studied surfaces was performed using a BAS-100B electrochemical analyzer. SEM measurements were achieved using a Quanta 250 FEG instrument. (All the details about the electrodes and the instruments were mentioned elsewhere). 54, 73 
Preparation of modified carbon paste electrodes
Bare CP electrode was prepared using the same procedure as cited elsewhere. 53 Modified CP electrode was prepared by mixing 25% (w/w) ILC, 25% (w/w) CD, 50% (w/w) graphite powder to obtain 100% total percent of modified paste. To each 1 g of modified graphite, 0.25 mL of paraffin oil was added, and then mixed in a mortar till a homogenous paste was obtained. The electrode was represented as ILCCDCPE. Gold nanoparticles were electrodeposited (by bulk electrolysis at -400 mV for 240 s) 54 over the ILCCDCPE surface from a solution of (6 mmol L -1 HAuCl 4 /0.1 mol L -1 KNO 3 ). The electrode was represented as AuILCCDCPE.
Results and discussion
Morphology Study
The surface morphology of different modified surfaces was investigated using scanning electron microscopy (SEM) to correlate the catalytic activity of the proposed sensor with its morphology. Figure 1 (A-C) showed the SEM of ILCCDCPE, AuILCCDCPE and AuILCCDCPE with higher magnification, respectively. The SEM of bare CPE showed separated irregular graphite flakes (SEM not shown). Upon modification with ILC and CD, irregular compact flakes structure were obtained where the ILC and CD were dispersed between the graphite flakes ( Figure 1A) . Figure 1B 
Electrochemical oxidation of NE at different modified electrodes
The electrochemical oxidation of 1 mM NE/ 0.1 M PBS/ pH 7.4 was studied using cyclic voltammetry at different working electrodes, namely CPE, ILCCPE, CDCPE and ILCCDCPE Figure 2A (Table 1) .
Low current response was obtained at CPE due to the effect of electrode surface fouling. Further increase in the anodic peak current was obtained upon modifying CPE with each of CD, ILC or Au nanoparticles. The combined inclusion of CD, ILC and Au nanoparticles in the CPE resulted in higher current response compared to all the other studied electrodes. This was due to rapid electron transfer rate and improvement in the electro-catalytic activity of the modified electrode; AuILCCDCPE towards the
(C)
D r a f t determination of NE. Integrated effect was achieved by the individual components reflecting the role presented by each one. This was attributed to the ability of ILC to penetrate through the spaces between carbon paste flakes which increased the conductivity of the composite. ILC showed spontaneous orientation ordering and enhanced ionic conductivity owing to the stability of the ionic units in the mesophases by electrostatic interactions and ion-ion stacking. 74-77 ILC with its ionic conductance can enhance the ionic paths towards the electrode surface. 38, 57 Furthermore ILC formed noncovalent interaction with both host β-CD and guest NE. 78 In addition, CD played a significant role, forming stable inclusion complex with NE via hydrogen bonds formation. This resulted in enhancing the charge transfer kinetics. Gold nanoparticles offered unique electronic properties, large surface to volume ratio, electrical conductivity and improved surface area. So, the influential integration of ILC, CD and gold nanoparticles in CPE resulted in enhancement of the charge transfer between the electroactive species and the electrode surface and improved the analytical performance of the sensor as will be discussed in the upcoming sections (Scheme 1).
Influence of type of ionic liquid on the electrochemical signal of NE
ILC has interesting properties like high ionic conductivity and good charges transportation in liquid crystalline phases compared to room temperature ionic liquids, qualifying ILC to be a good modifier for CPE. Therefore, it was necessary to investigate Electrode 
Effect of scan rate
The influence of scan rate on the oxidation peak current of NE at the AuILCCDCPE was studied using CV mode. Cyclic voltammograms of 1 mM NE/0.1 M PBS/pH 7.4 using the modified electrode at different scan rates from 10 to 100 mVs −1 is shown in figure 3 .
The results indicated that the relation between peak current and the square root of scan rate was linear in the studied range ( Fig. 3 ; Inset) according to equation (1) 
pH Effect
The influence of pH of the supporting electrolyte on the electrochemical response of AuILCCDCPE towards NE compound was investigated. The reported pK a value of norepinephrine is 8.85. 80 Figure 4 Also, the inset of Fig.4 (B) showed the influence of pH on the anodic peak current of NE displaying the maximum current value at pH 7.0. Therefore the present study was performed at pH 7.4 (biological fluids). 
Robustness
It is very crucial to study the stability of the current response at the proposed composite 
Precision
Furthermore, we examined the intra-day and inter-day precisions towards NE determination. The intra-day and inter-day precisions were tested using the following procedure: a given concentration of L-dopa was measured in a single measurement with the same sensor for four times; or in four separate measurements for four times using four sensors made independently, respectively. The RSD values were 0.81 % and 0.99 %, respectively, confirming that good precisions were achieved using the proposed composite. 82 The following equations are used to calculate DL and QL (eqns. 6 and 7, respectively):
Determination of NE in Real Samples
Determination of NE in Urine
QL= 10 (s/b) (7)
Where "s" is the standard deviation and "b" is the slope of the calibration curve.
These results illustrated that NE can be determined in human urine with nanomolar concentration and the proposed method was free from interferences present in urine matrix.
D r a f t To investigate the accuracy and precision of the proposed method, four different concentrations were chosen to be repeated five times (Table 3) D r a f t D r a f t
Interference Study
The influence of various interferences on the electrochemical signal of NE is very crucial from the medical point of view. Ascorbic acid, 87 and serotonin are important compounds coexisting in the living systems. Therefore, the determination of NE in presence of these compounds is very crucial from the clinical point of view. Acetaminophen (APAP) is a common pain killer for mild to moderate pain and is also effective in reducing high body temperature. 88 Most people believe that acetaminophen is safe, but it can cause serious liver damage and even acute liver failure if it is taken in high enough doses. 89 Therefore, it is necessary to investigate the simultaneous separation of these compounds signals from NE signal at the modified electrode. Figure 7A and 
Conclusions
In the present work, a novel sensor based on gold nanoparticles/ionic liquid crystal/β- AuIL1CDCPE and AuIL2CDCPE. Besides, the proposed sensor showed many advantages such as low detection limit, high sensitivity (9.44µA/µM), good stability and anti-interference ability in presence of other compounds. We believe that the proposed sensor is beneficial to be applicable in the pharmaceutical quality control laboratory as well as in other medical applications.
D r a f t D r a f t 31   Table 3 . Evaluation of the accuracy and precision of the proposed method for the determination of NE in urine samples.
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Scheme 1: Schematic representation of AuILCCDCPE modified electrode used for the electrochemical oxidation of NE.
Scheme 2: Oxidation mechanism of NE
